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Abstract 
It is customary to argue that technological innovations result in productivity 
enhancement. This paper explores this issue in the context of the Malaysian 
banking sector which has been subject to enormous restructuring and 
technological innovations, inclusive of the introduction of e-banking. The 
provision of banking services through electronic delivery channels can be 
equated with the e-government initiatives. This study attempts to identify 
the contribution of e-banking and technological progress of Malaysian 
commercial banks by employing the Malmquist productivity index (MPI), 
whereby productivity growth amongst the banks is broken down into 
technical efficiency change, scale change and technological change. The 
sample includes all 10 domestic commercial banks in Malaysia over the 
period of 1997 to 2002. The principle findings indicate an overall rise in 
total productivity, driven by technological progress rather than scale change 
or technical efficiency change. Extending to e-government, the employment 
of high-end, state of the art information and communication technologies 
can facilitate efficient and effective delivery of government services through 
electronic delivery channels. The results, which detail the improvements 
achieved by the best practice bank, may provide useful insights for 
government regulators and management for policy formulation.  
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1. Introduction 
 
A key motivation for this study was the fact that the Malaysian banking industry is 
faced with the challenge to compete-head-on with foreign banks across geographical 
boundaries and product ranges. Technological advances such as Internet banking, offer 
banking institutions a new frontier of opportunities and challenges to further augment 
competition in the global banking market. The Malaysian government provided the legal 
framework for domestic banks to offer Internet banking services
1, in order to share these 
opportunities and face these challenges. The success of this new distribution channel depends 
on the rate at which new technology is adopted and marketed by banks. On the basis of these 
issues, a pertinent question relating to the Malaysian banking sector, is whether technological 
advances have enhanced productivity in the context of the environment of recent rapid 
changes?  
 
Despite the urgent need for relevant findings that policy-makers can use with 
confidence at this crucial point, there is a something of a void in comparative bank 
productivity studies in banking industries such as Malaysia, which can be characterised as 
being an oligopoly
2. The bank productivity literature has largely been dominated by studies 
of deregulated and competitive markets, which are typically found to be operating within the 
single traditional banking systems, such as those in Europe (Berger and Humphrey, 1997; 
Fernandez, Gascon, and Gonzalez, 2002), the US (Wheelock and Wilson, 1999; Alam, 2001), 
and Australia (Avkiran, 2000; Worthington, 2000). 
 
The concept of productivity has been customarily based on the production function 
approach describing the relationship between factor inputs and product outputs. The 
productivity of a firm has come to be interpreted as the ratio between the outputs that it 
produces and the inputs that it uses. A method for aggregating the multiple inputs of a firm 
into a single index of inputs must be used to obtain a ratio measure of productivity.  
 
The aim of this paper is to investigate the contribution of technological change to 
changes in the productivity of commercial banks in Malaysia over the period 1997-2002, with 
the purpose of providing some useful evidence and points of reference for the government 
and its e-government initiatives. There is a continual quest for improved efficiency and    2
effectiveness in their administrative machinery. To undertake our analysis we proceed by 
creating an envelope of observed production points (Chen and Yeh, 2000), and apply the 
Malmquist productivity index (MPI), which sits within the framework of data envelopment 
analysis (DEA). This is used to define the boundary of technology between two periods and 
to obtain an efficiency score for each bank in each time period. An advantage of the MPI 
approach is that it allows analysis of the components of productivity growth by means of a 
decomposition into technical efficiency change and technological change.  
 
The structure of this paper is as follows: section two, immediately following presents a 
review of the pertinent literature. Then section three describes the MPI and its decomposition; 
plus the methods employed to analyze the data and the nature of the data. The results are then 
presented in section four followed by the conclusions in section five.  
 
2. Literature  Review 
 
The terms DEA and MPI refer to and encompass non-parametric techniques of 
efficiency and productivity measurement. They involve linear programming which is used to 
construct frontiers to measure productivity changes. The application of this type of non-
parametric approach to evaluate the performance of banks was first undertaken by Sherman 
and Gold (1985). Various studies, which use the nonparametric MPI approach to determine 
bank productivity changes, have been conducted in a number of countries. Alam (2001) and 
Mukherjee et al. (2001) studied commercial banks in the USA during the 1980s, and 
produced evidence of positive productivity growth. Grifell-Tatje and Lovell (1996), using the 
same technique, found that the productivity of the savings banks in Spain had declined during 
the 1980s. Berg et al. (1992) reported that the total productivity of the banks in Norway 
during the 1980s fell in the early part of that decade, but subsequently improved through 
technical efficiency rather than via technological progress. Berg et al. (1992) investigated 
changes in the productivity of banks in Finland, Norway and Sweden. Their results showed 
that technological progress was a major contributor to the improved productivity of large 
banks in those countries. Elyasiani and Mehdian (1995) measured the technological changes 
of a sample of small and large banks in the USA between 1979 and 1986 and compared the 
respective performances of the small and large banks. Their results showed that the small 
banks had made technological progress, whilst the reverse was observed for the large banks.    3
Other countries, in which bank productivity has been studied using the MPI approach, 
include Australia (Avkiran, 2000); Korea (Gilbert and Wilson, 1998) and Taiwan (Chen and 
Yeh, 2000).  
 
While a great deal of study has been made of the productivity of banks in developed 
countries, the same cannot be said of the Malaysian banking environment. Prior Bank 
performance studies undertaken in the area of technical efficiency in Malaysia (e.g. Katib, 
1997 and Habibullah, 1990) provide only a partial measurement of the productivity of banks. 
This study contributes by utilizing the MPI as the methodology to measure the productivity 
changes of Malaysian banks. The use of this method permits the decomposition of 
productivity changes and provides insights into the contribution of technological change to 
Malaysian Banks.  
 
3.   Research Method and Data Collection 
 
Since the early 1990s, the Malmquist productivity index (MPI) has been used as a tool 
to measure productivity change given its ability to capture changes in technical efficiency and 
technological change. Efficiency describes the degree to which an activity generates a given 
quantity of outputs with a minimum consumption of inputs, or generates the largest possible 
outputs from a given quantity of inputs. Firms in a particular industry are technically efficient 
if they operate on the production frontier, and technically inefficient if they operate below the 
frontier. In addition, productivity comparisons through time include an additional and 
significant source of productivity change, called technological change, which involves 
advances in technology as represented by an upward shift in the production frontier (Coelli et 
al., 1998). The measurement of efficiency levels over time indicates how closely a firm 
operates to the production frontier. Hence, these measurements do not indicate whether the 
production frontier has shifted or not. A finding of higher efficiency in comparisons from one 
period to another does not necessarily mean the entity is operating more efficiently or at 
higher overall productivity since the technology available may have changed. When attempts 
are made to measure productivity, comparisons are made across units and time, whereas in 
the case of the measurement of efficiency, the comparison has to be made against a 
predetermined standard or ideal. Thus, productivity indicators give a more holistic view of a 
bank’s performance across units and time. Alam (2001), provides details of the MPI 
methodology
3.     4
DEA is a linear-programming methodology, which uses data on the input and output 
quantities of a group of countries to construct a piece-wise linear surface over the data points. 
This frontier surface is constructed by the solution of a sequence of linear programming 
problems – one for each bank in the sample. The degree of technical inefficiency of each bank 
(the distance between the observed data point and the frontier) is produced as a byproduct of 
the frontier construction method.  
 
Coelli and Rao (2003) explain that DEA can be either input-orientated or output-
orientated. In the input-orientated case, the DEA method defines the frontier by seeking the 
maximum possible proportional reduction in input usage, with output levels held constant, for 
each bank. While, in the output orientated case, the DEA method seeks the maximum 
proportional increase in output production, with input levels held fixed. The two measures 
provide the same technical efficiency scores when a constant returns to scale (CRS) 
technology applies, but are unequal when variable returns to scale (VRS) is assumed.  
 
If one has data for N banks in a particular time period, the linear programming (LP)  
problem that is solved for the i-th bank in an output-orientated DEA model is as follows:  
 
, max , φ λ φ     s.t.      0 ≥ + − λ φ Y yi  
 0 ≥ − λ X xi  (1) 
     0 ≥ λ  
where  
i y  is a M×1 vector of output quantities for the i-th bank;  
i x  is a K×1 vector of input quantities for the i-th bank;  
Y  is a N×M matrix of output quantities for all N banks;  
X  is a N×K matrix of input quantities for all N banks;  
λ  is a N×1 vector of weights; and  
φ  is a scalar.  
Observe that φ will take a value greater than or equal to one, and that  1 − φ  is the proportional 
increase in outputs that could be achieved by the i-th country, with input quantities held 
constant. Note also that  φ 1  defines a technical efficiency (TE) score which varies between 
zero and one (and that this is the output-orientated TE score reported in our results).     5
The above LP is solved N times – once for each bank in the sample. Each LP produces a 
φ  and a λ vector. The φ -parameter provides information on the technical efficiency score for 
the i-th bank and the λ -vector provides information on the peers of the (inefficient) i-th bank. 
The peers of the i-th bank are those efficient bank that define the facet of the frontier against 
which the (inefficient) i-th bank is projected.  
 
As at the end of 2002, there were 10 domestic commercial banks operating in Malaysia. 
Empirical data was obtained from individual commercial bank’s annual reports. The period 
1997 to 2002 represents the era during which the country underwent a financial crisis, which 
subsequently led to the consolidation of local banks, with the objective of strengthening 
international competitiveness by increasing the scale of operations. The inputs and outputs 
adopted in this study can be argued to fall under the concept of the 'intermediation approach', 
which is appropriate for measuring the entire bank level efficiency. This is because it is 
inclusive of interest expense, which often accounts for one-half to two-thirds of total costs to 
banks (Berger 1997). The first input is interest expense - a proxy for deposits in which to 
model bank behaviour (Avkiran, 2000). The production approach excludes interest expenses 
(Katib 1999) since it uses the number of transactions or documents as output variables, and 
only physical assets such as labour and capital as input variables (Kohers et al., 2000). The 
second input is non-interest expense, which represents the resources expended in converting 
deposits to loans. The two outputs are net interest income, which is a proxy for net loans; and 
non-interest income - a proxy of non-traditional activities. Many studies measuring bank 
output tend to ignore such activities (Kohers, 2000). This choice of variables follows closely 
the bank efficiency studies of Avkiran (1999b) and Sathye (2001)
4. 
 
The results of the analysis will reveal the value of MPI, where any index values above 1 
indicate productivity progress whilst index values below 1 indicate productivity regress. To 
allow for a more comprehensive measure of productivity growth, MPI will be segregated into 
two components, i.e. scale efficiency, pure technical efficiency, technical efficiency and 
technological change as outlined in the previous section.  
   
4. Findings 
 
Given that the total factor productivity is a multiplicative compound of technical     6
efficiency change and technological change, the major cause of productivity improvements 
can be ascertained by comparing the indices of technical efficiency change and technological 
change indices. Similarly, the overall efficiency change is a product of pure technical 
efficiency and scale efficiency.  
 
Since the total factor productivity (TFP) change index is the product of the technical 
efficiency change index (TE) (relative to a CRS technology) and the technological change 
index (TC), the relative sizes of these scores provide evidence as to the source of the overall 
productivity change. The mean TC is found to be higher than the mean TE, suggesting that 
the technological change factor has greater importance than technical efficiency factor as a 
source of productiveness amongst all banks in the sample. The best practice bank within this 
sample is RHB, which experienced a 2.9% increase in technological change as well as a 0.5% 
increase in technical efficiency (which was solely contributed by improved scale of 
operation). Other banks may be benchmarked against this best performer. Table (1) presents 
the MPI scores.  
 






















AFFIN 0.978  1.007  0.980  0.998  0.985 
ALLIANCE 1.000  1.032  1.000  1.000  1.032 
AMBANK 1.003 0.995  1.020 0.984  0.998 
BCB 0.997  1.029  1.000  0.997  1.026 
EONBANK 0.982  0.981  1.000  0.982  0.963 
HONG 
LEONG  0.985 1.020  0.985 1.000  1.005 
MAYBANK 0.998  1.026  1.000  0.998  1.024 
PUBLIC 0.996  1.029 0.990  1.006  1.025 
RHB 1.005  1.029  1.000  1.005  1.035 
SOUTHERN 1.000  0.986  1.000  1.000  0.986 
Mean 0.994  1.013  0.997  0.997 1.008 
 
The annual means of the MPIs are presented in Table 2. The results show that over the 
five-year period, there was a mean annual increase of 0.8% in total factor productivity. This 
is attributed to the keen competitive pressure faced by banks during the period studied.    7
Although the results indicate an overall regress of 0.6% in technical efficiency over the 
period, it is noted that the recent years of 2001 and 2002 show progress. There was a mean 
technological improvement of 1.3%, peaking at 17.8% in 2000. This indicates that 
productivity improvements were mainly driven by advances in technology, rather than 
through the improved scale and utilization of inputs.  
 
Table 2: Annual means of Malmquist indices for all 10 banks 
 
Year TE  TC PTE  SEC TFP 
1997 0.989 0.966  0.998  0.990 0.955 
1998 0.995 1.019  0.983  1.012 1.014 
1999 0.947 0.982  1.108  0.931 0.930 
2000 0.994 1.178  0.965  1.030 1.171 
2001 1.003 1.049  1.029  0.975 1.052 
2002 1.040 0.906  0.992  1.049 0.942 
Mean 0.994 1.013 0.997 0.997 1.008 
 
 
Although Malaysian’s banks have become much bigger as a result of takeover activity, 
size alone is not a sufficient condition to guarantee increased efficiency in terms of 
economies of scale. This is in consistent with prior studies that found medium-sized banks 
are slightly more scale efficient than large banks (Mester, 1987; Humphrey, 1990; Berger, 
Hunter and Timme, 1993).  
 
In terms of technological change, improvements might have arisen through the more 
progressive banks developing and introducing new technologies. Such innovative banks may 
acquire improved status and benefit from scale operations. Although size is not sufficient to 
guarantee efficiency, nonetheless being a large bank is an important aspect to achieving 
sufficient scale to be able to invest in the identification and development of cutting-edge 
technology and management systems. This certainly applies where there has been significant 
progress in enhancing the network of delivery channels, including optimizing the number of 
branches within the bank’s network. Local full licence banks now offer a very broad range of 
services through the Internet, as do the foreign full licence banks. In regard to local banks in 
the post takeover period, some resources have been wasted through the duplication of 
branches, although all the banks appear to have addressed this matter to their satisfaction. 
Banks, though, continue to look at ways of improving their technology-driven delivery 
channels in order to better reach their customers.     8
5.   Conclusion  
 
This paper uses the MPI within the framework of DEA to investigate the productivity 
growth of the ten commercial banks in Malaysia over the period 1997-2002. This was a time 
in which ten banks engaged in takeover activities. The results show that the banks, as a 
whole, improved their performance by 0.8% in terms of total factor productivity. Productivity 
improvements were mainly due to technological advances. Technical efficiency regressed 
during this period despite technological advances having taken place.  
 
The results are in line with the desire of banks to increase the use of technology driven 
delivery channels, especially those that have been more recently introduced. These include 
Internet banking (E-Banking), smart cards, wireless banking and security issues. With 
globalization, it is imperative for banks to actively improve the technology they use internally 
and in their dealings with customers. Local banks need to offer such technology to enable 
them to better to meet the offerings of foreign banks. Otherwise, they face the strong 
likelihood of losing customers and business as a result of offering poorer access, less choice 
and uncompetitive pricing.  
 
The comparison of the productivity growth among banks proves useful in enhancing 
competition between banks especially after the restructuring and consolidation of the local 
banking system.  
 
In the e-government perspective, the results that are reported may be viewed as a 
substantive assurance to the government in their implementation of e-government initiatives 
towards the path of enhancing productivity. Many local governments in Malaysia are in the 
midst of setting up electronic government services such as lodgement, payment, 
communication, information, procurement, polling, customer care management, and public 
complaint. A thorough understanding of e-banking will allow the government, especially the 
local authority to implement their e-government initiatives on a better footing. Issues that will 
be of concern are technology and infrastructure, security and privacy, human resource, cost, 
cyberlaw, and structured change management. In conclusion, the rapid technological progress 
observed in the results appears to be a positive indicator that banks’ initiatives are moving in 
the right direction. Thus, E-government efforts should emulate the development in the    9
banking sector to achieve its objective of upgrading the efficiency and effectiveness of its 
administrative machinery.  
 
    10
Notes 
 
1.   Legal framework passed as at June 1, 2000.  
 
2.   The large banks in these countries lead in initiating changes, which are closely followed 
by other banks within the industry Operationally, the banks in an oligopoly market offer 
similar interest rates.The Stackelberg Model describes the type of competition in this 
market as intense because this market form does not only depend on the larger banks, 
but the recognition of their interdependence, the action of one bank will affect the 
actions of others and each oligopoly bank watches their rivals closely.  
 
3.   Please refer to Alam (2001), “A nonparametric approach for assessing productivity 
dynamics of large U.S. banks”, Journal of Money, Credit and Banking, Vol.33, pp.130 
for details of MPI methodology.  
 
4.   Examples of other studies that have also used these variables include Charnes et al 
(1990), Yue (1992), Miller et al (1996) and Lovell et al (1997).     11
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